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THFT-LCD ARRAY SUBSTRATE AND
MANUFACTURING METHOD THEREOFK

BACKGROUND

Embodiments of the mvention relate to a thin film tran-
sistor liquid crystal display and a manufacturing method
thereof.

Thin film transistor liquid crystal displays (TFT-LCDs)
have advantages such as small volume, low power consump-
tion, and free of radiation, and have prevailed 1n the current
flat panel display market. Currently, the manufacturing
method of a TFT-LCD mainly employs a five-patterning
process and a four-pattern process. The five-patterning pro-
cess comprises patterming of a gate line and a gate electrode,
patterning of an active layer, patterning of source/drain
clectrodes, patterming of a through hole, and patterning of a
pixel electrode. The four-patterning process comprises a step
combining patterning of the active layer and patterning of
the source/drain electrode into a single patterning process by
using a half-tone or a grey tone mask based on the five-
patterning process.

A half-tone or a grey tone mask 1s provided with a
completely transparent region, a partially transparent region
and a non-transparent region. For example, the non-trans-
parent region corresponds to a region where the source
clectrode and the drain electrode are located, the partially
transparent region corresponds to a region where the TEFT
channel region pattern 1s located, and the completely trans-
parent region corresponds to a region other than the above
regions. In practice, 1n order to prevent ultraviolet light from
passing through the completely transparent region into the
TFT channel region, the width of the drain electrode 1is
increased so as to ensure the etching quality of the TFT
channel region. However, this increases the size of the drain
electrode 1n the thin film transistor, and therefore causes the
technical drawbacks such as small effective light transmit-
ting area and low aperture ratio.

SUMMARY

An embodiment of the invention discloses TFT-LCD
array substrate comprising a substrate, a gate line and a data
line formed on the substrate, a pixel electrode and a thin film
transistor formed 1n a pixel region defined by the gate line
and the data line. The thin film transistor comprises a gate
clectrode, a source electrode, and a transparent drain elec-
trode, and the transparent drain electrode 1s electrically
connected with the pixel electrode.

Another embodiment of the invention discloses manufac-
turing method of a TFI-LCD array substrate comprising;:
Step 1, depositing a gate metal film on a substrate, and
forming patterns including a gate line and a gate electrode by
a patterning process; Step 2, forming patterns including an
active layer, a data line, a source electrode and a passivation
layer via hole 1n a passivation layer with on the substrate
after step 1, and the passivation layer via hole exposing the
surface of the active layer in the drain electrode region; and
Step 3, depositing a transparent conductive film on the
substrate after step 2, forming patterns of a transparent drain
clectrode and a pixel electrode which are 1n an integral
structure and connected with each other.

Further scope of applicability of the present invention will
become apparent from the detailed description given here-
inafter. However, 1t should be understood that the detailed
description and specific examples, while 1ndicating pre-
terred embodiments of the invention, are given by way of
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2

illustration only, since various changes and modifications
within the spirit and scope of the invention will become
apparent to those skilled in the art from the following
detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more fully understood
from the detailed description given heremaiter and the
accompanying drawings which are given by way of 1llus-
tration only, and thus are not limitative of the present
invention and wherein:

FIG. 1 1s a plan view of an array substrate of TFT-LCD
according to an embodiment of the invention;

FIG. 2 1s a cross-sectional view taken along a line A1-Al
in FIG. 1;

FIG. 3 15 a plan view of the array substrate of TFT-LCD
alter a first patterning process according to an embodiment
of the invention;

FIG. 4 1s a cross-sectional view taken along a line A2-A2
in FIG. 3;

FIG. 5 15 a plan view of the array substrate of TFT-LCD
alter a second patterning process according to an embodi-
ment of the invention;

FIG. 6 1s a cross-sectional view taken along a line A3-A3
in FIG. §;

FIG. 7 1s a cross-sectional view of the array substrate of
TFT-LCD taken along the line A3-A3 after depositing each

film 1 the second patterning process according to the
embodiment of the invention;

FIG. 8 1s a cross-sectional view of the array substrate of
TFT-LCD taken along the line A3-A3 after performing
exposure and development processes in the second pattern-
ing process according to the embodiment of the invention;

FIG. 9 1s a cross-sectional view of the array substrate of
TFT-LCD taken along the line A2-A2 after a first etching
process 1n the second patterning process according to the
embodiment of the invention;

FIG. 10 15 a cross-sectional view of the array substrate of
TFT-LCD taken along the line A3-A3 after an ashing
process 1n the second patterning process according to the
embodiment of the invention;

FIG. 11 1s a cross-sectional view of the array substrate of
TFT-LCD taken along the line A3-A3 after performing a
second etching process in the second patterning process
according to the embodiment of the invention;

FIG. 12 1s a plan view of the array substrate of TFT-LCD
after a third etching process according to the embodiment of
the invention;

FIG. 13 1s a cross-sectional view taken along a line A4-A4
in FIG. 12;

FIGS. 14a-14g are schematic views showing another
manufacturing process of the array substrate of TFT-LCD
according to an embodiment of the invention; and

FIGS. 15-18 are schematic views showing still another
manufacturing process of the array substrate of TFT-LCD
according to an embodiment of the invention.

DETAILED DESCRIPTION

Hereimnafter, the embodiments of the invention will be
described 1n detail with reference to the accompanying
drawings. In the drawings, the thickness of each film and the
dimension of each region are not drawing based on actual
scale 1n a TF'T-LCD array substrate but only used to describe
the sprit and scope of the invention schematically.
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FIG. 1 1s a plan view of an array substrate of TFT-LCD
according to an embodiment of the invention, which reflects
a structure of one pixel region. FIG. 2 1s a cross-sectional

view taken along a line A1-Al in FIG. 1.

As shown 1n FIGS. 1 and 2, the TFT-LCD substrate
according an embodiment of the mnvention comprises a
plurality of gate lines 11, a plurality of data lines 12, a
plurality of pixel electrodes 13 and a plurality of thin film
transistors 11, which are formed on a substrate. On the
whole substrate, the plurality of gate lines 11 and the
plurality of data lines 12 define a plurality of pixel regions
arranged 1n a matrix, and 1n each pixel region a thin film
transistor T1 and a pixel electrode 13. The gate line 1s used
to provide an “ON” or “OFF” signal to the thin film
transistor 11, and the thin film transistor T1 1s used to
control the date line 12 to provide a data voltage to the pixel
clectrode 13. Specifically, the thin film transistor T1 accord-
ing to the embodiment of the imvention comprises a gate
clectrode 2, an active layer (including a semiconductor layer
4 and a doped semiconductor layer 5), a source electrode 6
and a transparent drain electrode 7. The gate line 11 and the
gate electrode 2 are formed on the substrate and connected
with each other. A gate msulating film 3 1s formed on the
gate line 11 and the gate electrode 2 and covers the whole
substrate 1. The active layer 1s formed on the gate insulating
layer and located over the gate electrode 2. On one side of
the gate electrode 2, a source electrode region 6 1s formed;
and on the other side of the gate electrode 2, a drain
clectrode region 7 1s formed. The source electrode 6 1s
located 1n the source electrode region, and the transparent
drain electrode 7 1s located in the drain electrode region. A
TFT channel region 1s formed between the source electrode
region and the drain electrode region. The doped semicon-
ductor layer 5 1 the TFT channel region 1s etched away and
the semiconductor layer 4 therein 1s partially etched in the
thickness direction, so that the semiconductor layer 4 1n the
TFT channel region 1s exposed. A passivation layer 8 is
formed on the above patterns with a passivation layer via
hole 9 provided 1n the display region. The passivation layer
via hole 9 corresponds to a part or all of the drain electrode
region, so that the surface of the doped semiconductor layer
of the active layer 1n a part or all of the drain electrode region
1s exposed. A transparent conductive film 1s formed on the
passivation layer 8 and within the passivation layer via hole
9. The part of the transparent conductive film 1n the display
region forms the pixel electrode 13, and the part of the
transparent conductive film in the drain electrode region
constitutes the transparent drain electrode 7. The transparent
drain electrode 7 1s connected with the doped semiconductor
layer 1n the active layer, and pixel electrode 13 and the
transparent drain electrode 7 are in an integral structure so
that they are electrically connected with each other. The
embodiment of the invention increases the light transmitting
arca ol the pixel region and improves the aperture ratio by
using a transparent drain electrode.

FIGS. 3-13 are schematic views showing the manufac-
turing process of the TFT-LCD array substrate according to
the embodiment of the invention. In the following descrip-
tion, a patterning process comprises processes such as
applying photoresist, masking, exposing and developing of
photoresist, etching and removing photoresist, and a positive

photoresist 1s used as an example.
FIG. 3 1s a plan view of the array substrate of TF'T-LCD

alter a first patterning process according to an embodiment
of the invention, which reflects a structure of one pixel unait.
FIG. 4 1s a cross-sectional view taken along a line A2-A2 1n
FIG. 3. First, a gate metal film 1s deposited on a substrate
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(for example, a glass substrate or a silica substrate) 1 by a
magnetic sputtering method or a thermal evaporation
method. The gate metal film may be a single-layer film of
chromium, copper, aluminum, aluminum alloy or molybde-
num, or a multiple-layer film composed of the above single-
layer films. The gate metal film 15 patterned with a normal
mask so as to form patterns of a gate electrode 2 and a gate

line 11 connected with each other, as shown 1n FIGS. 3 and
4

FIG. 5 15 a plan view of the array substrate of TFT-LCD
alter a second patterning process according to an embodi-
ment of the invention, which retlects a structure of one pixel
region. FIG. 6 1s a cross-sectional view taken along a line
A3-A3 1n FIG. 5. On the substrate as shown 1n FIG. 3, a gate
insulating layer, a semiconductor film, a doped semiconduc-
tor film and a source/drain metal film are deposited sequen-
tially, and then patterns including an active layer, a data line
12, and a source electrode 6 are formed by a patterning
process using a three-tone mask, as shown 1 FIGS. 5 and 6.
The second patterning process according to the embodiment
of the invention 1s a multiple-step etching method, and 1t 1s
described as follows.

FIG. 7 1s a cross-sectional view of the array substrate of
TFT-LCD taken along the line A3-A3 after depositing each
film 1 the second patterning process according to the
embodiment of the invention. The gate insulating film 3, the
semiconductor film 21 and the doped semiconductor film 22
are deposited sequentially by a plasma enhanced chemical
vapor deposition (PECVD), and then the source/drain metal
film 23 1s deposited by a magnetic sputtering or a thermal
evaporation, as shown 1n FIG. 7. The gate insulating layer 3
may be an oxide, a nitride or an oxynitride, the source/drain
metal film 23 may be a single-layer film of chromium,
copper, aluminum, aluminum alloy or molybdenum, or a
multiple-layer film composed of the above single-layer
f1lms.

FIG. 8 1s a cross-sectional view of the array substrate of
TFT-LCD taken along the line A3-A3 after performing
exposure and development processes in the second pattern-
ing process according to the embodiment of the ivention.
First, a layer of photoresist 30 with a thickness of 25000 A
to 30000 A is applied on the source/drain metal film 23, and
then the photoresist 30 1s exposed by using a three-tone
mask. After development, the photoresist 30 1s formed with
a non-exposed region A (photoresist-completely-remained
region), completely exposed region B (photoresist-com-
pletely-removed region), a first partially exposed region C
(first photoresist-partially-remained region) and a second
partially exposed region D (second photoresist-partially-
remained region), as shown 1n FIG. 8. The thickness of the
photoresist in the non-exposed region A is 25000 A to 30000
A and corresponds to a region where the patterns of the data
line and the source electrode are located; the thickness of the
photoresist in the first partially exposed region C is 3000 A
to 6000 A and corresponds to a region where the pattern of
the TFT channel region 1s located; the thickness of the
photoresist in the second partially exposed region D 1s
12000 A to 18000 A and corresponds to a drain electrode
region; and the photoresist in the completely exposed region
B 1s completely removed so as to expose the source/drain
metal film 23 and corresponds to a region other than the
above regions.

FIG. 9 15 a cross-sectional view of the array substrate of
TFT-LCD taken along the line A2-A2 after a first etching
process 1n the second patterning process according to the
embodiment of the mvention. In the completely exposed
region B, first, the source/drain metal film 23 1s etched away
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by a wet etching process, and then the doped semiconductor
film 22 and the semiconductor film 21 are etched away by
a dry etching process, so as to form the patterns of the data
line and the active layer. The active layer comprises the stack
of the semiconductor layer 4 and the doped semiconductor
layer 5, as shown i FIG. 9.

FIG. 10 1s a cross-sectional view of the array substrate of
TFT-LCD taken along the line A3-A3 after an ashing
process 1n the second patterning process according to the
embodiment of the invention. By an ashing process, the
photoresist 1n the first partially exposed region C 1s removed
sO as to expose the source/drain metal film 23 1n the region,
as shown 1 FIG. 10. Due to the ashing process, the thickness
of the photoresist 1n the non-exposed region A and the
second partially exposed region D 1s also reduced corre-
spondingly, but the two regions are still covered by the
remaining photoresist 30.

FIG. 11 1s a cross-sectional view of the array substrate of
TFT-LCD taken along the line A3-A3 after performing a
second etching process in the second patterning process
according to the embodiment of the invention. By a second
dry etching process, the source/drain metal film 23 and the
doped semiconductor layer 5 1n the first partially exposed
region C are etched away, and the semiconductor layer 4 in
the region 1s etched partially in the thickness direction, so
that the semiconductor layer 4 1s exposed. Simultaneously,
the source/drain metal film 23 1n the second partially
exposed region D 1s also etched away so as to expose the
doped semiconductor layer in the drain electrode region and
form the patterns of the source electrode, drain electrode and
the TFT channel region, as shown mn FIG. 11. At the
beginning of the etching process, although the second par-
tially exposed region D i1s covered with the remaiming
photoresist 30, the thickness of the photoresist 30 in the
region 1s reduced along with the etching of the first partially
exposed region C until 1t 1s removed completely. At the time,
the first and second partially exposed regions C and D are
etched simultaneously, and finally, the semiconductor layer
4 1s exposed 1n the first partially exposed region C and the
doped semiconductor layver 5 1s exposed in the second
partially exposed region D. For example, it 1s assumed that,
before the second etching process, the thickness of the
remaining photoresist 30 in the second partially exposed
region D is about 8000 A, the thickness of the source/drain
metal film is about 2000 A, the thickness of the doped
semiconductor layer is 500 A, the thickness of the semicon-
ductor layer is 2500 A, the etching velocity of the source/
drain metal film is about 2000 A/m, the etching velocity of
the doped semiconductor layer and the semiconductor layer
is about 2000 A/m, and the etching velocity of the photo-
resist 1s about 8000 A/m In this case, when the source/drain
metal film 1 the first partially exposed region C 1s com-
pletely etched, the photoresist in the second partially
exposed region D can be just removed completely so as to
expose the source/drain metal film 1n the second partially
exposed region D; next, when the doped semiconductor
layer and the semiconductor layer are etched in the first
partially exposed region C, the source/drain metal film 1n the
second partially exposed region D i1s also etched; when the
source/drain metal film 1 the second partially exposed
region D 1s etched away so as to expose the doped semi-
conductor layer in the region, the doped semiconductor layer
in the first partially exposed region C 1s etched away and the
semiconductor layer 1n this region 1s partially etched 1n the
thickness direction so that the thickness of the semiconduc-
tor film in the channel region is about 1000 A.
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Finally, the remained photoresist 1s removed, and the
second patterning process for the TFT-LCD array substrate
according to the embodiment of the mnvention 1s completed.
In the patterning process, the gate line 11 and the data line
12 define the pixel region, the active layer (including the
stack of the semiconductor layer 4 and the doped semicon-
ductor layer 5) 1s formed on the gate electrode 2. The source
clectrode region 1s formed on one side of the gate electrode
2, and the drain electrode region 1s formed on other side of
the gate electrode 2. The source electrode 6 1s located within
the source electrode region, and the doped semiconductor
layer 5 of the active layer 1s exposed in the drain electrode
region. The TFT channel region 1s formed between the
source electrode region and the drain electrode region. The
doped semiconductor layer 5 1n the TFT channel region 1s
ctched away and the semiconductor layer 4 in the region 1s
partially etched in the thickness direction, so that the semi-
conductor layer 4 1n the TFT channel region 1s exposed, as
shown in FIGS. 5 and 6. In practice, three-tone masks of
various forms can be employed, for example, a partially
transmitting mask with slits. For the partially transmitting,
mask with slits, the transmittances in the four different
regions are 100%, 40-350%, 10-20% and O, respectively.
Therefore, after exposure and development, the thickness of
the photoresist 1n the non-exposed region A (transmittance 1s
0) is 25000 A to 30000 A, and it is substantially not changed:;
in the completely exposed region B (transmittance 1s 100%),
there 1s no photoresist remained, the thickness of the pho-
toresist 1n the first partially exposed region C (transmittance
is 40-50%) is 3000 A to 6000 A; and the thickness of the
photoresist 1n the second partially exposed region D (trans-
mittance is 10-20%) is 12000 A to 18000 A.

FIG. 12 15 a plan view of the array substrate of TFT-LCD
alter a third etching process according to the embodiment of
the mvention, which reflects a structure of one pixel unait.
FIG. 13 1s a cross-sectional view taken along a line A4-A4
in FIG. 12. On the substrate after the above patterning
process, a passivation layer 8 1s deposited by a PECVD
method. The passivation layer 8 may comprise oxide, nitride
or oxynitride. The passivation layer 8 1s patterned with a
normal mask so as to form a passivation layer via hole 9. The
passivation layer via hole 9 1s located 1n the display region
and comprises a part or all of drain electrode region so as to
expose the surface of the doped semiconductor layer 1n a
part or all of the drain electrode region. In addition, the via
hole 9 also comprises the pixel electrode region, as shown
in FIGS. 12 and 13. In the patterning process, the patterns of
the gate connecting line via hole 1n the gate line PAD and the
data connecting line via hole in the data line PAD are also
formed simultaneously. The process for forming the patterns
of gate connecting line via holes and the data connecting line
via holes 1s widely used 1n the current patterning processes,
which will not be described repeatedly.

Finally, on the substrate after the above patterning pro-
cess, a transparent conductive film 1s deposited by a mag-
netic sputtering or thermal evaporation method. The trans-
parent conductive film may be mdium tin oxide (ITO),
indium zinc oxide (IZ0) or aluminum zinc oxide (AZO) and
the like. A transparent drain electrode 7 and a pixel electrode
13, which are 1n an integral structure and connected with
cach other, are formed within the passivation layer via hole
9 and on the passivation layer 8 by a patterning process with
a normal mask. The pixel electrode 13 is located 1n the
display region, the transparent drain electrode 7 1s located 1n
the drain electrode region, and the transparent drain elec-
trode 7 1s connected with the doped semiconductor layer in
the active layer, as shown 1n FIGS. 1 and 2.
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The embodiment provides a TFT-LCD array substrate
with a transparent drain electrode, which increases the light
transmitting area ol the pixel region and improves the
aperture ratio effectively. The increase of the aperture ratio
gives rise to increase ol the brightness, and therefore the
necessary brightness of the back light can be decreased, and
the power consumption and cost can be saved.

It should be noted that the above manufacturing method
tor the TFT-LCD array substrate and the resulted structure
are only one example. Those skilled in that art may 1mple-
ment similar structures by changing the processes. For
example, the second patterning process according to the
embodiment of the mmvention may be divided into two
patterning processes, 1.€., forming the pattern of the active
layer by a patterning process with a normal mask, and
forming the patterns including the data line and the source
clectrode by a patterning process with a half tone or grey
tone mask. Or, for example, in the second patterning process
for the TFT-LCD array substrate according to the embodi-
ment of the mvention, a part of source/drain metal film may
be retained at a position 1n the second partially exposed
region D closing to the source electrode so that a pattern of
metal drain electrode of metal film material, 1.e., the metal
drain electrode 1s formed on the active layer and located on
one side of the TFT channel region and opposite to the
source electrode which 1s provided on the other side of the
TFT channel region. Both the metal drain electrode and the
transparent drain electrode are located at the same side of the
TFT channel region and the transparent drain electrode 1s at
the outer side of the metal drain electrode. Or, for example,
in the third patterming process for the TFT-LCD array
substrate according to the embodiment of the invention, the
passivation layer via hole 9 may only be provided in the
drain electrode region and expose a part or all of the drain
clectrode region. These modifications are 1n the spirit and
scope of the mvention.

FIGS. 14a-14¢g are schematic views showing another
manufacturing process of the array substrate of TFT-LCD
according to another embodiment of the mvention, which
are cross-sectional views taken along the line A3-A3 1n FIG.
5. In the manufacturing process, the first patterning process,
the third patterning process and the fourth patterning process
are the same to those 1n the manufacturing process shown 1n
FIGS. 3-13, which will not be described repeatedly. The
second pattern process 1s described as follows.

First, a gate msulating layer 3, a semiconductor film 21
and a doped semiconductor film 22 are deposited sequen-
tially by a PECVD method, then a source/drain metal film 23
1s deposited by the magnetic sputtering or thermal evapo-
ration method, as shown 1n FIG. 14a. A layer of photoresist
30 1s then applied on the source/drain metal film 23, and the
photoresist 1s exposed by a three-tone mask. After develop-
ment, the photoresist 30 1s formed with a non-exposed
region A (photoresist-completely-remained region), a com-
pletely exposed region B (photoresist-completely-removed
region), a {irst partially exposed region C (a first photoresist-
partially-remained region) and a second partially exposed
region D (a second photoresist-partially-remained region),
as shown i FIG. 14b. The non-exposed region A corre-
sponds to a region where the patterns of the data line and the
source electrode are located; the first partially exposed
region C corresponds to a region where the pattern of the
TFT channel region 1s located; the second partially exposed
region D corresponds to a drain electrode region; and the
completely exposed region B corresponds to a region other
than the above regions. The thickness of the photoresist in
the non-exposed region A 1s larger than that 1n the second
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partially exposed region D, and the thickness of the photo-
resist 1n the second partially exposed region D 1s larger than
that 1n the first partially exposed region. In the completely
exposed region B, the source/drain metal film 23 1s firstly
ctched away by a wet etching process, then the doped
semiconductor film 22 and the semiconductor film 21 are
ctched away by a dry etching process so as to form the
patterns of the data line and the active layer, and the active
layer includes the stack of the semiconductor layer 4 and the
doped semiconductor layer 5, as shown 1n FIG. 14¢. By a
first ashing process, the photoresist in the first partially
exposed region C 1s removed so as to expose the source/
drain metal film 23 1n this region, as shown 1n FIG. 144. By
a second dry etching process, the source/drain metal film 23
and the doped semiconductor layer 5 1n the first partially
exposed region C 1s etched away and the semiconductor
layer 4 1n the region 1s partially etched in the thickness
direction so as to exposed the semiconductor layer 4, as
shown 1n FIG. 14e. By a second ashing process, the photo-
resist in the second partially exposed region D 1s removed so
as to expose the source/drain metal film 1n the region, as
shown 1 FIG. 14f. By a third wet etching process, the
source/drain metal film 23 1n the second partially exposed
region D 1s etched away so as to expose the doped semi-
conductor layer 1n the drain electrode region, as shown 1n
FIG. 14¢. Finally, the remaining photoresist 30 1s removed,
and the second patterning process for the TFT-LCD array
substrate according to the embodiment of the invention 1s
completed.

Compared with the manufacturing process shown in
FIGS. 3-13, in the present embodiment, the TFT channel
region 1s formed by a dry etching process and the source/
drain metal film 1n the drain electrode 1s removed by a wet
ctching process.

FIGS. 15-18 are schematic views showing a manufactur-
ing process ol the array substrate of TFT-LCD according to
still another embodiment of the invention. The manufactur-
ing process 15 a manufacturing solution 1 which the metal
drain electrode 1s etched when the passivation layer via hole
9 1s formed. In the manufacturing solution, the first pattern-
ing process and the fourth patterning process are the same as
those 1n the manufacturing process shown in FIGS. 3-13,
which will not be described repeatedly. In the second
patterning process, the patterns of the active layer, the data
line, the source electrode and the metal drain electrode are
formed by a patterning process with a half tone or grey tone
mask, In the third patterning process, the metal drain elec-
trode 1s etched 1n part or completely when the passivation
layer via hole 1s formed so as to expose the doped semi-
conductor layer in the drain electrode region. The second
patterning process in the manufacturing method 1s described
as follows.

First, a gate msulating film, a semiconductor film and a
doped semiconductor film are deposited sequentially, and
then a source/drain metal film 1s deposited. A layer of
photoresist 1s applied on the source/drain metal film. An
exposure process 1s performed by using a half tone or grey
tone mask, and after development, the photoresist 1s formed
with a completely exposed region (photoresist-completely-
removed region), a non-exposed region (photoresist-com-
pletely-remained region), and a partially exposed region
(photoresist-partially-remained region). The non-exposed
region corresponds to a region where the patterns of the data
line, the source electrode and the metal drain electrode are
located; the partially exposed region corresponds to a region
where the pattern of the TF'T channel region is located; and
the completely exposed region corresponds to a region other




US 9,523,895 B2

9

than the above regions. In the photoresist-completely-re-
moved region, the source/drain metal film 1s etched away by
a wet etching process, and then the doped semiconductor
film and the semiconductor film are etched away by a dry
etching process so that the patterns including the active layer
and the data line are formed. By an ashing process, the
photoresist in the photoresist-completely-remained region 1s
removed so as to expose the source/drain metal film 1n the
region. By a second etching process, the source/drain metal
film and the doped semiconductor film are etched away 1n
the region and the semiconductor film 1s partially etched in
the thickness direction so as to form the patterns including,
a source electrode, a metal drain electrode and a TFT
channel region. Finally, the remaiming photoresist 1is
removed, and the second patterning process 1s completed.
After the patterning process, the active layer (including the
stack of the semiconductor layer 4 and the doped semicon-
ductor layer 5) 1s formed on the gate insulating layer 3 and
located over the gate electrode 2. The source electrode 6 and
the metal drain electrode 7a 1s formed on the active layer.
One end of the source electrode 6 1s formed above the gate
electrode 2, and the other end of it 1s connected with the data
line 12. One end of the metal drain electrode 7a 1s located
over the gate electrode 2 and provided opposite to the source
clectrode 6. The TFT channel region 1s formed between the
source electrode 6 and the metal drain electrode 7a. The
doped semiconductor layer 5 1n the TFT channel region 1s
etched away and the semiconductor layer 4 in the region 1s
partially etched in the thickness direction so that the semi-
conductor layer 4 1s exposed 1n the TF'T channel region, as
shown 1n FIGS. 15 and 16.

The third patterning process of the manufacturing solution
1s described as follows. First, a passivation layer 8 1is
deposited by a PECVD method, and then a layer of photo-
resist 1s applied on the passivation layer. An exposure
process 1s performed by using a half tone or grey tone mask,
and after development, the photoresist 1s formed with a
completely exposed region (photoresist-completely-re-
moved region), a non-exposed region (photoresist-com-
pletely-remained region), and a partially exposed region (a
photoresist-partially-remained region). The completely

exposed region corresponds to a region where the pattern of

the passivation layer via hole 1s located; the partially
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the gate connecting line via hole and the data connecting line
via hole are located; and the non-exposed region corre-
sponds to a region other than the above regions. First, a first
etching process 1s performed so as to etching away the
passivation layer 8 in the completely exposed region, so as
to a pattern of passivation layer via hole 9. Sequentially, the
metal drain electrode 7a 1n the passivation layer via hole 9
1s further etched so as to expose the surface of the doped
semiconductor layer of the active layer in the passivation
layer via hole 9. Thereafter, an ashing process 1s performed,
and the photoresist 1n the partially exposed region 1is
removed by the ashing process so as to expose the passiva-
tion layer 8 1n the region. Thereafter, a second etching
process 1s performed, the pattern of the gate connecting line
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via hole 1s formed 1n the gate line PAD, and the pattern of 60

the data connecting line via hole 1s formed 1n the gate line
PAD. Finally, the remaining photoresist 1s removed and the
third patterming process 1s completed, as shown i FIGS. 17
and 18. Since the metal drain electrode and the source
clectrode are provided 1n the same layer and are formed 1n
the same patterning process, the metal drain electrode 1s
covered with the passivation layer.
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A manufacturing method of a TFT-LCD array substrate
according to a first embodiment of the invention comprising:

Step 11, depositing a gate metal film on a substrate and
forming patterns including a gate line and a gate electrode by
a patterning process;

Step 12, depositing a gate insulating layer, a semiconduc-
tor film, a doped semiconductor film and a source/drain
metal film on the substrate after the proceeding step, and
forming patterns including an active layer, a data line and a
source electrode by a patterning process with a three-tone
mask;

Step 13, depositing a passivation layer on the substrate
alter the proceeding step, and forming a pattern of a passi-
vation layer via hole by a patterning process, wherein the
passivation layer via hole comprises a drain electrode
region;

Step 14, depositing a transparent conductive film on the
substrate after the above step, and forming patterns of a
transparent drain electrode and a pixel electrode which are
in an 1tegral structure and connected with each other.

In one example, the step 12 may comprise the following
Process:

depositing the gate insulating layer, the semiconductor
film and the doped semiconductor film sequentially by a
plasma enhanced chemical vapor deposition;

depositing the source/drain metal film by a magnetic
sputtering or thermal evaporation method;

applying a layer of photoresist on the source/drain metal
film;

exposing the photoresist layer with a three-tone mask and
forming the photoresist, after development, into a photore-
sist-completely-remained region, a photoresist-completely-
removed region, a first photoresist-partially-remained region
and a second photoresist-partially-remained region, wherein
the photoresist-completely-remained region corresponds to
a region where the patterns of the data line and the source
clectrode are located; the first photoresist-partially-remained
region corresponds to a region where a pattern of a TFT
channel region 1s located; the second photoresist-partially-
remained region corresponds to region where a drain elec-
trode 1s located; and the photoresist-completely-removed
region corresponds to a region other than the above regions;

in the photoresist-completely-removed region, first etch-
ing away the source/drain metal film by a wet etching
process, and then etching away the doped semiconductor
film and the semiconductor film by a dry etching process;

by an ashing process, removing the photoresist in the first
photoresist-partially-remained region so as to expose the
source/drain metal film 1n the region;

ctching away the source/drain metal film and the doped
semiconductor film 1n the first photoresist-partially-re-
mained region by a second dry etching process, and partially
ctching the semiconductor film in the region 1n the thickness
direction so as to expose the semiconductor film, and at the
same time, etching away the source/drain metal film 1n the
second photoresist-partially-remained region so as to expose
the doped semiconductor film; and

removing the remaining photoresist.

The thickness of the photoresist 1n the photoresist-com-
pletely-remained region is 25000 A to 30000 A, the thick-
ness of the first photoresist-partially-remained region 1s
3000 A to 6000 A, the thickness of the second photoresist-
partially-remained region is 12000 A to 18000 A. The above
process has been described 1n detail with reference to FIGS.
3-13, which will not be repeated here.

Alternatively, 1n another example, the step 12 may com-
prises the following:
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depositing the gate insulating layer, the semiconductor
film and the doped semiconductor film sequentially by a
plasma enhanced chemical vapor deposition;

depositing the source/drain metal film by a magnetic
sputtering or thermal evaporation method,;

applying a layer of photoresist on the source/drain metal
film;

exposing the photoresist with a three-tone mask and
forming, after development, the photoresist into a photore-
sist-completely-remained region, a photoresist-completely-
removed region, a first photoresist-partially-remained region
and a second photoresist-partially-remained region, wherein
the photoresist-completely-remained region corresponds to
a region where the patterns of the data line and the source
clectrode are located; the first photoresist-partially-remained
region corresponds to a region where a pattern of a TFT
channel region 1s located; the second photoresist-partially-
remained region corresponds to a region where a drain
clectrode 1s located; and the photoresist-completely-re-
moved region corresponds to a region other than the above
regions;

in the photoresist-completely-removed region, first etch-
ing away the source/drain metal film by a wet etching
process, and then etching away the doped semiconductor
film and the semiconductor film by a dry etching process;

by a first ashing process, removing the photoresist in the
first photoresist-partially-remained region so as to expose
the source/drain metal film 1n this region;

by a second dry etching, etching away the source/drain
metal film and the doped semiconductor film in the first
photoresist-partially-remained region, and partially etching
the semiconductor film 1n the region 1n the thickness direc-
tion so as to expose the semiconductor film;

by a second ashing process, removing the photoresist 1n
the second photoresist-partially-remained region so as to
expose the source/drain metal film in the region;

by a third wet etching process, etching away the source/
drain metal film 1n the second photoresist-partially-remained
region so as to expose the doped semiconductor film; and

removing the remaining photoresist.

The above process has been described in detail with
reference to FIGS. 14a-14g.

A manufacturing method of a TEFT-LCD array substrate
according to a second embodiment of the invention com-
Prises:

Step 21, depositing a gate metal film on a substrate and
forming patterns including a gate line and a gate electrode by
a patterning process;

Step 22, depositing a gate insulating layer, a semiconduc-
tor film, a doped semiconductor film and a source/drain
metal film on the substrate after the proceeding step, and
forming patterns including an active layer, a data line, a
source electrode and a metal drain electrode by a patterning
process with a half tone or grey tone mask;

Step 23, depositing a passivation layer on the substrate
alter the proceeding step, and forming a pattern of a passi-
vation layer via hole by a patterning process, wherein the
passivation layer via hole comprises a part or all of the metal
drain electrode region, and the metal drain electrode 1n the
passivation layer via hole 1s etched away so as to expose the
surtace of the doped semiconductor layer of the active layer;
and

Step 24, depositing a transparent conductive film on the
substrate after the preceding step, and forming patterns
including a transparent conductive electrode and a pixel
clectrode which are in an integral structure and connected
with each other.
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In one example, the step 22 may comprise:

depositing the gate insulating laver, the semiconductor
film and the doped semiconductor film sequentially by a
plasma enhanced chemical vapor deposition;

depositing the source/drain metal film by a magnetic
sputtering or a thermal evaporation method;

applying a layer of photoresist on the source/drain metal
film;

exposing the photoresist by using a half tone or grey tone
mask and forming the photoresist, after development, into a
photoresist-completely-remained region, a photoresist-com-
pletely-removed region, and a photoresist-partially-re-
mained region, wherein the photoresist-completely-re-
mained region corresponds to a region where the patterns of
the data line, the source electrode and the metal drain
clectrode are located; the photoresist-partially-remained
region corresponds to a region where the pattern of the TFT
channel region 1s located; and the photoresist-completely-
removed region corresponds to a region other than the above
regions;

in the photoresist-completely-removed region, first etch-
ing away the source/drain metal film by a wet etching
process, and then etching away the doped semiconductor
film and the semiconductor film by a dry etching process;

by an ashing process, removing the photoresist in the
photoresist-partially-remained region so as to expose the
source/drain metal film 1n this region;

by a second etching process, etching away the source/
drain metal film and the doped semiconductor film 1in the
photoresist-partially-remained region, and partially etching
the semiconductor film 1n the thickness direction so as to
expose the semiconductor film; and

removing the remaining photoresist.

In one example, the step 23 may comprise:

depositing a passivation layer by a plasma enhanced
chemical vapor deposition;

applying a layer of photoresist on the passivation layer;

exposing process by using a half tone or grey tone mask
and forming the photoresist, after development, into a pho-
toresist-completely-remained region, a photoresist-com-
pletely-removed region, and a photoresist-partially-re-
mained region, wherein the photoresist-completely-removed
region corresponds to a region where the pattern of the
passivation layer via hole 1s located; the photoresist-com-
pletely-remained region corresponds to a region where the
patterns of the gate connecting line via hole and the data
connecting line via hole are located; and the photoresist-
completely-remained region corresponds to a region other
than the above regions;

by a first etching process, forming a pattern of passivation
layer via hole, simultaneously, etching away the metal drain
clectrode 1n the passivation layer via hole so as to expose the
surface of the doped semiconductor layer of the active layer
in the passivation layer via hole;

performing an ashing process to remover the photoresist
in the photoresist-partially-remained region so as to expose
the passivation layer 1n the region;

performing a second etching process so as to form the
pattern of the gate connecting line via hole 1n the gate line
PAD and the pattern of the data connecting line via hole 1n
the gate line PAD; and

removing the remained photoresist.

The above process 1s a method in which the metal drain
clectrode 1s etched when forming the passivation layer via
hole.

The mvention being thus described, 1t will be obvious that
the same may be varied in many ways. Such variations are
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not to be regarded as a departure from the spirit and scope
of the invention, and all such modifications as would be
obvious to those skilled 1n the art are intended to be included
within the scope of the following claims.

What 1s claimed 1s:

1. A manufacturing method of a thin film transistor liquid

crystal display (TFT-LCD) array substrate, comprising:

Step 1, depositing a gate metal film on a substrate and
forming patterns including a gate line and a gate
clectrode by a patterning process;

Step 2, forming patterns including an active layer, a data
line, a source electrode and a passivation layer via hole
1in a passivation layer with on the substrate after step 1,
wherein the passivation layer via hole exposes the
surface of the active layer 1n the drain electrode region;
and

Step 3, depositing a transparent conductive film on the
substrate after step 2 and forming patterns of a trans-
parent drain electrode and a pixel electrode which are
in an 1tegral structure and connected with each other,

wherein the step 2 comprises:

Step 201, depositing a gate nsulating layer, a semicon-
ductor film, a doped semiconductor film and a source/
drain metal film on the substrate after step 1, forming
patterns including the active layer, the data line and the
source electrode by a patterning process with a three-
tone mask, and exposing the doped semiconductor film
in the drain electrode region, wherein the active layer
includes the semiconductor film and the doped semi-
conductor film; and

Step 202, depositing a passivation layer on the substrate
alter step 201, and forming the pattern of the passiva-
tion layer via hole by a patterning process, wherein the
passivation layer via hole comprises the drain electrode
region.

2. The manufacturing method of the TFT-LCD array

substrate of claim 1, wherein the step 201 comprising:
depositing the gate insulating layer, the semiconductor
film, the doped semiconductor film, and the source/
drain metal film sequentially;

applying a layer of photoresist on the source/drain metal
film;

exposing the photoresist with the three-tone mask and
forming the photoresist, aiter development, into a pho-
toresist-completely-remained region, a photoresist-
completely-removed region, a first photoresist-par-
tially-remained region and a second photoresist-
partially-remained region, wherein the photoresist-
completely-remained region corresponds to a region
where the patterns of the data line and the source
clectrode are located; the first photoresist-partially-
remained region corresponds to a region where a pat-
tern of a TFT channel region 1s located; the second
photoresist-partially-remained region corresponds to a
drain electrode region; and the photoresist-completely-
removed region corresponds to a region other than the
above regions;

in the photoresist-completely-removed region, first etch-
ing away the source/drain metal film by a wet etching
process, and then etching away the doped semiconduc-
tor film and the semiconductor film by a dry etching
process; and

forming the pattern of the TFT channel region by an
ashing process and a etching process.
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3. The manufacturing method of the TFT-LCD array
substrate of claim 2, wherein forming the pattern of the TFT
channel region by an ashing process and an etching process
comprising:

by the ashing process, the photoresist 1n the first photo-
resist-partially-remained region i1s removed so as to
expose the source/drain metal film in the region;

ctching away the source/drain metal film and the doped
semiconductor film in the first photoresist-partially-
remained region by a second dry etching process,
partially etching the semiconductor film 1n the region in
the thickness direction so as to expose the semicon-
ductor film, and at the same time, etching away the
remaining photoresist and the source/drain metal film
in the second photoresist-partially-remained region so
as to expose the doped semiconductor film; and

removing the remaining photoresist.

4. The manufacturing method of the TFT-LCD array
substrate of claim 3, wherein the thickness of the photoresist
in the photoresist-completely-remained region is 25000 A to
30000 A, the thickness of the first photoresist-partially-
remained region is 3000 A to 6000 A, and the thickness of
the second photoresist-partially-remained region is 12000 A
to 18000 A.

5. The manufacturing method of the TFIT-LCD array
substrate of claim 2, wherein forming the pattern of the TFT
channel region by an ashing process and an etching process
comprising:

by a first ashing process, removing the photoresist in the
first photoresist-partially-remained region so as to
expose the source/drain metal film in this region;

by a second dry etching, etching away the source/drain
metal film and the doped semiconductor film 1n the first
photoresist-partially-remained region and partially
etching the semiconductor film in the region in the
thickness direction so as to expose the semiconductor
film;

by a second ashing process, removing the photoresist 1n
the second photoresist-partially-remained region so as
to expose the source/drain metal film 1n the region;

by a third wet etching process, etching away the source/
drain metal film 1n the second photoresist-partially-
remained region so as to expose the doped semicon-
ductor film; and

removing the remaining photoresist.

6. A manufacturing method of a thin film transistor liquid
crystal display (TF'T-LCD) array substrate, comprising:

Step 1, depositing a gate metal film on a substrate and
forming patterns including a gate line and a gate
clectrode by a patterning process;

Step 2, forming patterns including an active layer, a data
line, a source electrode and a passivation layer via hole
1in a passivation layer with on the substrate after step 1,
wherein the passivation layer via hole exposes the
surface of the active layer 1n the drain electrode region;
and

Step 3, depositing a transparent conductive film on the
substrate after step 2 and forming patterns of a trans-
parent drain electrode and a pixel electrode which are
in an 1tegral structure and connected with each other,

wherein the step 2 comprises:

Step 211, depositing a gate 1nsulating layer, a semicon-
ductor film, a doped semiconductor film and a source/
drain metal film sequentially on the substrate after step
1, and forming patterns including the active layer, the
data line, the source electrode and the metal drain
clectrode by a patterning process with a half tone or
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grey tone mask, wherein the active layer comprises the
semiconductor film and the doped semiconductor film;
and

Step 212, depositing a passivation layer on the substrate
alter step 211, and forming the pattern of the passiva-
tion layer via hole by a patterning process, wherein the
passivation layer via hole comprises a part or all of the
metal drain electrode region, and the metal drain elec-
trode 1n the passivation layer via hole 1s etched away so
as to expose the surface of the doped semiconductor
layer of the active layer.

7. The manufacturing method of the TFI-LCD array

substrate of claim 6, wherein the step 211 comprising;:

depositing the gate insulating layer, the semiconductor
film, the doped semiconductor film, and the source/
drain metal film sequentially;

applying a layer of photoresist on the source/drain metal
film;

exposing the photoresist by using a half tone or grey tone
mask and forming the photoresist, after development,
into a photoresist-completely-remained region, a pho-
toresist-completely-removed region, and a photoresist-
partially-remained region, wherein the photoresist-
completely-remained region corresponds to a region
where the patterns of the data line, the source electrode
and the metal drain electrode are located; the photore-
sist-partially-remained region corresponds to a region
where the pattern of the TF'T channel region 1s located;
and the photoresist-completely-removed region corre-
sponds to a region other than the above regions;

in the photoresist-completely-removed region, first etch-
ing away the source/drain metal film by a wet etching
process, and then etching away the doped semiconduc-
tor film and the semiconductor film by a dry etching
pProcess;

by an ashing process, removing the photoresist in the
photoresist-partially-remained region so as to expose
the source/drain metal film 1n the region;
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by a second etching process, etching away the source/
drain metal film and the doped semiconductor film 1n
the photoresist-partially-remained region and partially
ctching the semiconductor film 1n the thickness direc-
tion so as to expose the semiconductor film; and

removing the remaining photoresist.
8. The manufacturing method of the TFT-LCD array
substrate of claim 6, wherein the step 212 comprises:

depositing the passivation layer;

applying a layer of photoresist on the passivation layer;

exposing the photoresist by using a half tone or grey tone
mask and forming the photoresist, after development,
into a photoresist-completely-remained region, a pho-
toresist-completely-removed region, and a photoresist-
partially-remained region, wherein the photoresist-
completely-removed region corresponds to a region
where the pattern of the passivation layer via hole 1s
located; the photoresist-completely-remained region
corresponds to a region where the patterns of a gate
connecting line via hole and a data connecting line via
hole are located; and the photoresist-completely-re-
mained region corresponds to a region other than the
above regions;

by a first etching process, forming a pattern of passivation
layer via hole and at the same time etching away the
metal drain electrode 1n the passivation layer via hole
so as to expose the surface of the doped semiconductor
layer of the active layer in the passivation layer via
hole;

by an ashing process, removing the photoresist in the
photoresist-partially-remained region so as to expose
the passivation layer in this region;

by a second etching process, forming the pattern of the
gate connecting line via hole 1n a gate line pad region
and the pattern of the data connecting line via hole 1n
a data line pad region; and

removing the remaining photoresist.
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